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[57] ABSTRACT 

A device for driving a laser (2) includes a quiescent-cur- 
rent means (3) which supplies, under control of a nega- 
tive feedback current (Id) from a photodetector (9), a 
quiescent current (Lb) to the laser in order to stabilize 
the laser light output at a level corresponding to a logic 
one value of a digital input signal (D). A modulation 
device (10), which comprises a converter, is responsive 
to the digital input signal to supply a first drive current 
(ijwi) to modulate the laser. The modulation device 
supplies a second drive current (im), complementary to 
the first drive current, to a compensation device (20) 
which, for a logic zero signal, applies a compensation 
current (Ic) to the quiescent current means thereby to 
ireduce the light level. 

9 Claims, 2 Drawing Sheets 
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to prevent both the drive current and the compensation 

DEVICE FOR DRIVING A LASER current from being disturbed. Therefore, it is an object 

of the invention to provide a device for driving a laser 

BACKGROUND OF THE INVENTION which does not require the high-frequency part of the 

This invention relates to a device for driving a laser ^ circuit to be extended in order to generate the compen- 

with a digital input signal, comprising: sation current. In accordance with the invention, a 

quiescent-current means for applying to the laser a device of the type defined in the opening paragraph is 

quiescent current which is controlled by a negative characterized in that 

feedback current which is proportional to the light the quiescent-current means stabilize the light output 

output of the laser in order to stabilize the light output of the laser at a level corresponding to the high value of 

of the laser at a level which corresponds to one of the the digital input signal, 

two possible values of the digital input signal, the modulation device comprises a converter for 
a modulation device for applying to the laser a drive converting the digital input signal into two drive cur- 
current modulated by the digital input signal, and rents having signal components of equal amplitudes but 

a compensation device for applying a compensation '5 .^^ pj^^^^ opposition, and 

current to the quiescent current means in order to com- Q^e drive current applied to the laser input and the 

pensate for a d.c. component of the drive current, other drive current is supplied to a control input of the 

which component vanes with the duty cycle of the compensation device. In the device in accordance with 

digital mput signal. the invention the quiescent current ensures that the 

Such a device IS suitable for use in optical transmis- 20 ^^^^ ^ ^^^^^^ ^ ^^^^^ 

sion systems and is very suitable for use m digital optical ^^^^^^ , j »o", but at a point where the light 

telecommunication systems. ^ f t • t .i. ^ ^ - 

Such a device is known from "The Bell System Tech- f^^' ^°"^^P°"^^ ^ ^''^'^ . ^ ^j'^J^^ ' ' 
nical Journal- Vol. 62, Sept, 1983, No, 7, Part 1, pages ^ ^ compensation current is added to the qmescent 
1923-1935. The driving characteristic of an injection 25 current to lower the operatmg pomt to a pomt near the 
laser usually has a first range of gradual slope in which threshold value of the laser. The compensation current 
the light output of the laser increases only slightly as the required for this purpose is obtained simply by con- 
drive current increases and which above a specific structing the modulation device as a convertor having 
threshold value changes into a second range of steeper one output that supplies the drive current for the laser 
slope in which the light output increases substantially as 30 and with its other output supplying a current which is 
the drive current increases. Generally the quiescent- equal but in phase opposition to the drive current. A 
current means ensure that the laser is operated near the fraction of the latter current is now employed as the 
threshold value so that, at the operating point, the light compensation current. The drive current and the corn- 
output of the laser corresponds to a logic *'0" of the pensation current are generated by a single modulation 
digital input signal. In the case of a logic "1" of the 35 device so that it is not necessary to extend the high-fre- 
input signal, the drive current supplied to the laser by quency part of the device in order to obtain the com- 
the modulation device then switches the Ught output of pensation current. 

the laser to a higher level. In order to stabilize the light A simple and suitable converter can be obtained in an 
output corresponding to logic "0" with respect to varia- embodiment which is characterized in that the con- 
tions in and changes of the laser characteristics, the 40 verter is a differential amplifier comprising two emitter- 
quiescent current of the laser is controlled by a negative coupled transistors whose bases are coupled to input 
feedback current which is proportional to the light terminals for receiving the digital input signal and 
output of the laser and which is obtamed by means of a ^^ose collectors are coupled to output terminals for 
photodetector. However, this negative feedback also supplying said one and said other drive current, 
eliminates the low-frequency component of the dnve 45 ^ f^^^^^ embodiment may be characterized in that 
current. In order to prevent a digital input signal com- compensation device is an operational amplifier 
pnsing mainly logic ones from dnvme the laser . • • , • . 
u 1 V *t, 1. 1 J 1 5 aos^ having an inverting input, a non-in verting input and an 
below Its threshold value, a compensation current is T • - \ • ^ ^ * r . 
»AA^A *^ « ,• * 1 J ■ output. The inverting input is coupled to a first resistor 
added to the quiescent current in the known device, - *^ ^. ... 
which compensation current is proportional to the 50 5?/ ^^nvertmg the other drive current into a voltage, 
drive current from the modulation device. In the case of °"^P"^ ^^j^Pj^^ ^ transistor whose 
an input signal comprising many "ones", this compensa- !^ ^°^P'^^ ^ resistor and to the non- 
tion current causes the operating point of the laser to »"vertmg mput of the operational amplifier. The emitter 
increase from a point near the threshold value to a point ^^^^ transistor is coupled to an output for supplying 
where the light output of a laser substantially corre- 55 compensation current. If the first resistor is a van- 
sponds to that of a logic "1". ^^^^ resistor, this makes it possible to adjust the magni- 
However, a drawback of the known device is that the ^^^^ compensation current and hence of the light 
current which is required for compensation and which corresponding to a logic "0". 
is proportional to the quiescent current cannot be gRjEp DESCRIPTION OF THE DRAWING 
tapped from this dnve current because this would result 60 

in the drive current for the laser being adversely af- Embodiments of the invention will now be described 

fected by the compensation device. For generating the more detail, by way of example, with reference to the 

compensation current the known device comprises a accompanying drawings, in which: 

second modulating device which, like the first modula- FIG. 1 shows the basic diagram of a device in accor- 

tion device, is controlled by the digital input signal. 65 dance with the invention, 

This second modulation device, however, requires the FIG, 2 schematically shows the light/current charac- 

use of a second high-frequency circuit in the device, teristic of a laser in order to explain the operation of the 

which demands a critical design of the circuit in order device shown in FIG. 1, 
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FIG. 3 shows an example of a modulation device for 
use in the device shown in FIG. 1, _ K ^ ^ ^ ak 

FIG. 4a shows schematically an example of a com- 
pensation device for use in the device shown in FIG. 1, 
and 



where 



FIG. 46 shows a practical example of the device A=the current gain factor of the current amplifier 7 

• T-.T^ A K=the proportionahty factor between the diode 
shown m FIG. 4a. ^^^^^^^ ^^^^ ^^^^^^^ 

DESCRIPTION OF THE PREFERRED iA/i.LF=the low-frequency component of the drive 
EMBODIMENTS 10 current \m\^ 

^ . ForAK>>l, which is always the case in practice, it 
FIG. 1 shows the basic diagram of a device m accor- foUovvg from the above equation that Id^Ir, which 
dance with the invention for dnving a laser with a digi- ^^^^^ ^^^^ low-frequency component wi is sup- 
tal input signal D. The device comprises a diode laser 2, pressed. It is to be noted that the highest frequency 
shown schematically. FIG. 2 shows the light/current which is suppressed is dictated by the cut-off frequency 
characteristic of such a laser, in which characteristic the p^gs fiitgr xhe high-frequency component 
light output L of the laser is plotted as a function of the of 'wh containing the actual information, sees an open 
total laser current Iz,. This characteristic has a first loop and is transferred to the laser without attenuation, 
range of substantially constant slope ni where the light As stated, the low-frequency component of the drive 
output L hardly increases as the laser current II in- 20 current ia/i is determined by the duty cycle of the digital 
creases. Above a specific threshold value Irthis range input signal D. In the case of a digitaal input signal 
changes into a second range of substantially constant comprising only "ones" a maximum low-frequency 
slope n2 where the light output L increases substantially component is obtained which is substantially equal to 
as the laser current II increases. The digital input signal the value of the drive current imx in the case of a logic 
D should now modulate the laser current II in such a 25 "1", whereas in the case of a digital input signal corn- 
way that in the case of a logic **0" the light output of the pnsing only logic *'zeros" this low-frequency compo- 
laser is substantially equal to which value lies just nent is minimal and is equal to the value of the dnve 
above the threshold value Lj, and in the case of a logic current i^i for a logic -Q". As the laser 2 is operated at 
-r' the light output is Li, In accordance with the inven- ^he level Li the laser would be driven to a value 
. ^ ^" 5 \ A . *u 1 ^ T -rw.. ;c 30 Li-Lo above the operatmg level Li when the. input 
tion the laser is operated at the value U Thi is ^^"^^^ logic "ones". However, as the 
achieved by quiescent-current means 3 which supply a i^tv-frequency component of the drive current imi is 
quiescent current I^to the laser 2. The quiescent-cur- suppressed almost completely the light output is re- 
rent means 3 compnse a reference-current source 4 ^^^^^ substantially the value Li, so that the light 
which supplies a reference current Ir to a current ampli- 35 output of the laser 2 nevertheless reaches the value Li. 
fier 7 via a first summing device 5 and a low-pass filter. the case of a logic "0" the light output of the laser 
The current amplifier 7 amplifies said current to sub- 3 should be reduced from the level Li to the level Lq. 
stantially the value Is. This quiescent current I5 sets the por this purpose the current i^a on the output 14 of the 
light output of the laser 2 to the level Li. In order to modulation device 10 is used. The current i^f2 is applied 
stabilize this level Li against variations in laser parame- 40 to the compensation device 20, which feeds a fraction of 
ters, a current Ip which is proportional to the light this current to the first summing device 5 as a compen- 
output of the laser 2 is generated by means of a photode- sation current ic, which current \c is subtracted from the 
tector 9. The current I/jis subtracted from the reference reference current Ir. The current iAf^is in phase opposi- 
current Ir by means of the summing device 5. As a tion to the drive current iMh In the case of a logic "1", 
result of this negative feedback the quiescent current la 45 the compensation current i^is minimal and may be zero, 
is controlled in such a way that the current Ipand hence After amplification the difference between the refer- 
the light output Li remain substantially constant. The ence current Ir and the compensation current >c consti- 
device further comprises a modulation device 10 which, futes the quiescent current I/, by means of which the 
in accordance with the invention, is constituted by a laser 2 is set to the level L,. In the case of a logic 0 the 
balanced converter. A direct current Wfrom a current ^0 compensation current i^ is maxinial. As a result of this, 
source 11 is applied to this converter in order to be [he quiescent current I51S reduced and consequently the 

* J • * * * * 4 u *u Jaser 2 is operated at the level Lq. 

converted into two output currents by the digital input 3 ^^^^^ ^ modulation device for 
signal D, which output currents, apart from possible ^^^.^^ shown in FIG. 1. The device corn- 
equal d.c. components compnse mutually equal but pHses a differential amplifier comprising two transistors 
opposite phase signal components. If the total current at ^j^^^^ common emitter terminal is con- 
output 13 is iMU the current at output 14 is equal to ^^^^^^ negative power-supply line 15 by a cur- 
iM2 = lM-iM\- The current wi on output 13 is applied ^^^^ source 11 which can supply a current I,v. The 
to the laser 2 via a second summing device 8, while the collector of the transistor Ti constitutes the output 13, 
current on output 14 is applied to a compensation de- ^^jj^jj is connected to the laser 2 and the collector of 
vice 20. However, the negative feedback which stabi- ^he transistor T2 constitutes the output 14. which is 
lizes the light output Li of the laser 2 with respect to connected to the compensation device 20, The transis- 
low-frequency variations in the laser parameters also tor Ti is driven via an emitter- follower arrangement 
suppresses the low-frequency component of the drive comprising a transistor T3 whose emitter is connected 
current imu which low-frequency component depends 65 to the base of the transistor Ti via a level-shifting diode 
on the duty cycle. The conversion of the reference Di and to the negative power-supply line 15 via a resis- 
current Ir into the current Id of photodetector 9 com- tor Ri. The collector of the transistor T3 is connected to 
plies with: the positive power-supply line 16. The transistor T2 is 
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driven in a similar way by the transistor T4, the diode 
D2 and the resistor R2. The bases 17 and 18 of the tran- 
sistors T3 and T4 constitute the input terminals for re- 
ceiving the digital input signal D. The bases 17 and 18 
can be biassed to a dx. level of 1.3 V in order to render 5 
the circuit arrangement compatible with ECL circuits. 
In the quiescent state the current Im from the current 
source 11 is distributed equally between the transistors 
Ti and T2. If the voltage on the base 17 of the transistor 
T3 is sufficiently positive relative to the voltage on the 10 
base of the transistor T4 when a logic *' T* is applied, the 
transistor T: is fully cut off and the entire current im 
flows through the transistor Ti. In this case the quies- 
cent current imi is maximal and is equal to imi =W- The 
current im for the compensation device 20 is then mini- 15 
mal and is equal to zero. In the case of a logic "0" the 
voltage on the base 18 is positive relative to that on the 
base 17. The current I^then flows entirely through the 
transistor T2. The drive current imi for the laser 2 is 
then zero, while the current im for the compensation 20 
device 20 is maximal and is equal to im = ^M' I" the case 
of comparatively low input voltages the differential 
amplifier Ti, T2 does not operate as a switched amplifier 
but as a linear amplifier. In the case of a logic "1" the 
current in the transistor Ti is then equal to iMi=lM+h 25 
and the current through the transistor T2 is equal to 
im=lAf—iSt where ijis the signal current as a result of 
the application of the digital input signal. In the case of 
a logic "0" the currents through the transistor Ti and 
T2 are equal to \M\ = lM—h and im=^M-\-h respec- 30 
lively. 

FIG. 4 shows schematically an example of a compen- 
sation device for use in the arrangement shown in FIG. 
1. In this arrangement the transistor T2 of FIG. 3 is 
represented schematically by a current source which 35 
can supply a current im- The output 14 of this current 
source is connected to the positive power-supply line 16 
by a resistor R3=Rjcand also to the inverting input of an 
operational amplifier 21 whose output drives a transis- 
tor T5. The collector of this transistor T5 is connected to 40 
the positive power-supply line 16 by a resistor R4==Ro 
and to the non-inverting input of the amplifier 21. The 
emitter of the transistor T5 constitutes the output of the 
compensation device 20, which supplies the compensa- 
tion current ic. The amplifier 21 now drives the transis- 45 
tor T5 in such a way that the voltage across the resistors 
R3 and R4 is the same. The compensation current is then 
equal to ic==R;e.iAf2/Ro- If the resistor R3 is a variable 
resistor the magnitude of the compensation current ic 
can be adjusted. 50 

FIG. 4b shows a practical example of the arrange- 
ment shown in FIG. 4a. The operational amplifier 21 
comprises two PNP transistors T6, T7 arranged as a 
differential pair, whose common emitter terminal is 
connected to the positive power-supply line 16 by a 55 
resistor R5 which functions as a current source. The 
base of the transistor Te is connected to the output 14 of 
the current source im via an emitter-follower arrange- 
ment comprising a transistor Tg, a diode D3 and a resis- 
tor R^, while the base of the transistor T7 is connected 60 
to one end of the resistor R4 via a similar emitter-fol- 
lower arrangement comprising a transistor T9, a diode 
D4 and a resistor R7. The base of the transistor Ts con- 
stitutes the inverting input and the base of the transistor 
T9 constitutes the non-inverting input of the amplifier 65 
21. By means of a current mirror comprising the transis- 
tors Tio and Tn the collector of the transistor T7 is 
connected to the collector of transistor Ta and to the 



base of a transistor Ty The arrangement operates in the 
same way as the arrangement shown in FIG. 4a. 

The scope of the invention is not limited to the em- 
bodiments described above. The construction of the 
push-pull converter and that of the compensation de- 
vice are irrelevant to the inventive principle and there- 
fore these devices may be realized in various ways. 
Further, the device may comprise a protection circuit 
which limits the quiescent current of the laser to a maxi- 
mum value in the case of degradation of the laser. 

What is claimed is: 

1. A device for driving a laser with a digital input 
signal, comprising: 

quiescent-current means for applying to the laser a 
quiescent current which is controlled by a negative 
feedback current proportional to the light output of 
the laser thereby to stabilize the light output of the 
laser at a level which corresponds to one of two 
possible values of the digital input signal, 

a modulation device having input means that receive 
said digital input signal and means for applying to 
said laser a drive current modulated by the digital 
input signal, and 

a compensation device for applying a compensation 
current to the quiescent current means in order to 
compensate for a d.c. component of the drive cur- 
rent, which component varies with the duty cycle 
of the digital input signal, characterized in that the 
quiescent-current means stabilize the light output 
of the laser at a level corresponding to a high value 
of the digital input signal, 

said modulation device comprises a converter for 
converting the digital input signal into two drive 
currents that have equal amplitudes but are in 
phase opposition, and 

one drive current is applied to the laser and the other 
drive current is supplied to the compensation de- 
vice. 

2. A device as claimed in claim 1, characterized in 
that said converter comprises a differential amplifier 
including two emitter-coupled transistors whose bases 
are coupled to said input means for receiving the digital 
input signal and whose collectors are coupled to output 
terminals for supplying said one and said other drive 
current. 

3. A device as claimed in claim 2, characterized in 
that the compensation device comprises an operational 
amplifier having an inverting input, a non-inverting 
input and an output, said inverting input being coupled 
to a first resistor for converting the other drive current 
into a voltage, means coupling the output of the opera- 
tional amplifier to the base of a transistor having a col- 
lector coupled to a second resistor and to the non- 
inverting input of the operational amplifier, and means 
coupling the emitter of the transistor to an output for 
supplying the compensation current to said quiescent 
current means. 

4. A device as claimed in claim 3, characterized in 
that the first resistor is a variable resistor. 

5. A device as claimed in claim 1, wherein the com- 
pensation device comprises an operational amplifier 
having an inverting input, a non-inverting input and an 
output, said inverting input being coupled to a first 
resistor for converting said other drive current into a 
voltage, means coupling the output of the operational 
amplifier to a base of a transistor having a collector 
coupled to a second resistor and to the non-inverting 
input of the operational amplifier, and means coupling 
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the emitter of the transistor to an output for supplying ' 
the compensation current to said quiescent current 
means. 

6. A device for driving a laser with a digital input 
signal comprising: 5 

a modulation device having an input for receiving 
said digital input signal and a converter for con- 
verting the digital input signal into first and second 
equal but opposite-phase drive currents modulated 
by said digital input signal* 10 

quiescent current means for applying to an input of 
the laser a quiescent current to control the light 
output of the laser at a level corresponding to a 
high value of the dual value digital input signal, 

means for stabilizing the light output of the laser at 15 
said level by adjusting the quiescent current by 
feedback of a current proportional to the light 
output of the laser to a first control input of said 
quiescent current means, and 

means for applying said first drive current to said 20 
laser input and said second drive current to an 
input of a compensation device, 

said compensation device applying a compensation 
current to a second control input of said quiescent 
current means to adjust said quiescent current so as 25 
to compensate for a DC component of the drive 
current that varies with the duty cycle of the digi- 
tal input signal. 

7. A device as claimed in claim 6 wherein said con- 
verter comprises a differential amplifier including two 30 
emitter-coupled transistors whose bases are coupled to 
said input of the modulation device and whose collec- 
tors are coupled to respective first and second output 



terminals for supplying said first and second drive cur- 
rents. 

8. A device as claimed in claim 6 wherein said com- 
pensation device comprises: 

an operational amplifier having an inverting input, a 
non-inverting input and an output, 

means coupling said inverting input to said input of 
the compensation device and to a first resistor for 
converting said second drive current into a volt- 
age, 

means coupling said operational amplifier output to a 
base of a transistor having a collector coupled to a 
second resistor and to the non-inverting input of 
the operational amplifier, and 

means coupling an emitter of said transistor to an 
output for supplying said compensation current to 
said second control input of the quiescent current 
means. 

9. A device as claimed in claim 6 wherein the quies- 
cent current means comprises: 

a source of reference current, 

a summing device having first and second inputs that 
constitute said first and second control inputs, re- 
spectively, 

means coupling the summing device, a low-pass filter 
and an amplifier in cascade between an output of 
said reference current source and said input of the 
laser, and wherein 

said stabilizing means comprise a light responsive 
device for converting light output of the laser to a 
negative feedback current that is applied to said 
first input of the summing device. 
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